The task on studying the thermal conditions of small-sized long-stroke low-speed stages of piston compressors is solved. The bead thermistors are applied for a placement of a temperature sensor with small diameters of cylinders. Calibration of a given sensor is executed, the error of measurements is defined.
Introduction
In experimental studies of working processes in piston compressor units, there has always been a serious problem of a gas temperature measurement in the flow part elements with small geometrical sizes.
The problem is related to the solution of tasks to reduce the sensor dimensions.
There are several ways of the gas temperature measurement in a PC (piston compressor) working chamber using thermocouples and resistance thermometers [1, 2, 5, 6, 10, 11, 13, 14, 15] .
Inertial sensors with a subsequent temperature recalculation are applied to obtain actual values [1, 5] . Using this method of calculation, we cannot obtain accurate results as in recalculating a heat-transfer coefficient is accepted either constant or altering under the certain law set which results in an additional error [1, 5] . We can obtain the accurate law of the heat-transfer coefficient change only in experiments, but it is very expensive in most of cases.
The method is used in which two sensors with a different lag effect and the subsequent recalculation for the true temperature are involved. There is no heat-transfer coefficient impact in this case, but the lag effect of the both sensors [1, 5, 14, 15] is not taken into account. A design complexity arises in placing the sensors practically in the same point.
Virtually inertialess wires are applied. The diameter of such wire is to be from 4 to 10 microns according to many authors. With 16.7 rps rotation frequency and 8 microns wire diameter the error in defining the temperature does not exceed 0.3%, a phase shift is lesser than 3 о , and with the diameter reduction up to 4 microns the error decreases threefold. However, such sensors are to be handled very carefully because of their low reliability.
The placement of the sensors described above inside the flow part elements with the characteristic size about 10 mm is almost impossible. Therefore, the development of application technology for compact sensors in small-sized stages is relevant. Fig. 1 shows the study subject -a long-stroke stage with a bead thermistor. It is obvious from the figure that the arrangement of gas distribution elements does not allow the sensors of more than 3-5 mm to be placed in a working chamber. The bead sensor due to its size is easily placed both in a discharge chamber, and between the gas distribution elements.
Study subject
The thermistor is a resistance thermometer made on the basis of mixed oxides of transition metals, classified according to a temperature resistance coefficient (positive and negative TRC). Structurally there are the following types of thermistors: bead (0.01-1.0 mm); disk (2.5-18.0 mm); cylindrical (3.0-42.0 mm); thin-film with the thickness of a sensitive film no more than 0.2 mm and thick-film (0.2-1.0 mm). The key thermistors parameters are a nominal resistance, a resistance change dependence on the temperature and a temperature resistance coefficient (TRC).
The main requirements to the thermoresistors are a large TRC value; relation linearity R(t); stability in time; reproduction of parameters.
A low speed and a high heat retention are the drawbacks of metal thermoresistors. The bead semiconducting thermoresistors have no these drawbacks, the parameters are shown in Table 1 , the appearance and the thermometer overall dimensions are given in Fig. 2 . A conversion function of the thermistors is rather linear at temperature from -100 °С to + 200 °C. According to the data [18] [19] [20] their reliability is high, but they have one drawback, a TRC spread within one lot, and after the replacement of a thermistor the equipment must be calibrated again.
In this paper, the calibration of 5 bead thermistors ST 1-18 with a 160 kOhm nominal resistance has been made. The thermistor ST1-18 is a bead sensitive element (Fig. 2) made of a mixture of nickel, manganese and cobalt oxides with the negative TRC and the nominal resistance of 160 kOhm at 20 °C. For carrying out an individual calibration the following equipment and devices of PLC SPE «Etalon» (Omsk) and S-Line (China) have been used.
1. The dry thermostat TS 250-2 with the characteristics provided in Table 2 . Table 3 . Table 3 . The specifications of the reference resistance thermometer. Weight, g, no more than 100
3. The universal precision-type meter B7-99. The main characteristics are shown in Table 4 . Table 4 . The specifications of В7-99.
The type of a thermoelectric converter
The range of measured temperatures
The unit value of the least category
The limit of a permissible basic absolute error 4. The error of the precision multimeter S-Line VA800A is 0.34%.
Methods
For carrying out the calibration we have selected 5 bead thermoresistors 7, 9] with 160.0 kOhm; 160.4 kOhm; 160.35 kOhm; 161.0 kOhm; 160.2 kOhm value of nominal resistance at 20 °C. The MS connecting wires have been soldered to each thermistor.
A copper temperature leveling block which section is shown in Fig.3 has been placed in the thermostat. The calibration error according to preliminary estimates was 1.5%. The resistance change relationship of a bead type thermistor on the thermostat temperature is given on the chart shown in Fig.4 .
We have also studied the bead thermoresistor reading stability for 120 hours with the thermistor being in the thermostat at 90 °C within 120 hours. Having analyzed the trends, we can conclude that thermistors ST1-18 possess high stability, as the drift of indications was no more than 0.1 °C for 120 hours. 
Results and discussion
Let us define a general error of the temperature sensor based on the bead thermistor [4, 8, 12] .
where Ì is the multimeter error determined by the device error, 0.34%; t is the thermometer error determined by the device error, 0.1%; V is the voltmeter error determined by the device error, 0.3%; F is the calculation error 1.5% derived from interpolated formula. The researches were performed with the bead sensor being placed in the flow part of the low-speed stage of the piston compressor with the following parameters: a cycle time is 2 -6 s, a cylinder diameter is 0.15 m, a piston stroke is 0.2 m. The difference between experimental and estimated data on the gas temperature is no more than 7.5%.
Conclusion
Thus the application of bead temperature sensors allows one to conduct experimental studies of working processes in flow part elements of low expense low-speed piston compressor units [16, 17] .
